- @*:1'3 NOV 1947 w o

’,“/

K2y 2
7

- [ ’ P rmu®s § )
. - - ?A«m"‘:ﬁéw 3
As?

- ==

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

- December 1938 as
Mamorandum Report

COMPARISON OF FREE-SPIRNING WIND-TURNEL RESULIS WITH
CORRESPONDING FULL-SCALE SPIN RESULNS
By Oscar Seidman and A. I. Nelhouse

Langley Memoriel Aeronautical laboratory
Langley Meld, Va.

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
‘advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech~

2

nically edited. All have been reproduced without change in order to expedite general distribution.

L~ 137



NARA Lo T
| AN ¢ ‘
31176 014036961

b

NATTONAL ADVISORY COMMITTEE FOR AERORAUTICS

COMPARTSON OF FREE-SPINNING WIND-TUNNEL RESULTS WITH
COHRBSPONDING FULL~SCALE SPIN RESULTS
By Oscar Seldmen and A, I Reihouse

 SUMMARY -

A study of compereble information on available full=-scale
spimning results end NACA . free-spimning wind-tunnel presulte was
made by the NACA . to determine the degree of rellability of tummel
results in predicting the spimning behavior of airplanes. -Full-
ecale epin results, mainly of a quelitative nature, were available
for 21 airplenss. These results have been cumpered to corresponding
results on models of the alrplanss tested in the NACA firee~
spinning wind tunnel.

The comparigon of avalleble recovery results showed general
satisfactory agreement between model and airplane in 16 instences
and disagreement in five inestences, two of which.were for almost
identical airplanes. The model results that gave dlsagreement
with full-ecale results, however, usually &agreed in some of the
detalls such as direction of alleron effect. Using these com-
parisons as & criterlon, it mey be stated thet the free-spinning
wind tumnel can be expected to predict full-acale spin cheracter~
lstics accurately about €0 perccnt of the time.

IRTRODUCTION

The: NACA free-spimning wind tummel is being utilized for
two purposes. On the aone hand, fundesmental research 1s being
cerried out in the fleld of splnning, covering such pheses as:
relativo merits of differont wing or tall earrengements, effects
of loading, etc. On theé other hand, routine model spin tests

- are conducted for every service airplane in the categories for
vhich spimming is permitted in an attempt to prevent the occurrence
of dangerous spimming cheracteristics in the production machines.
Jn this work i1t 1s appreciated that, owing to various incidental
effects lnherent in model testing, conclusions drawn from wind-
tunnel tests of amall-scale models ere occasionally in error.
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Such factors as propeller-couple end slipstreeam effects and speed
of control menipuletions, which are not simulated on the model,
also may affect the results.

In order to eveluate and, if possible, immrove the accuracy
with which thé model results cen be used to predict full-scale
spin charecteristics, it is necessary to compare model and full-
gscale results for a nmumber of different designs. At present the
Comnittee has completed routine free-spinning tests on 21 epecific
models. For three of these models, comparative full-scele tests
were conducted by the Cammittee. The results of these tests are
treated in detall in refererce 1 and in an unpublished camparilson.
These comparisons were made on a quantitative bagls and generelly
indicated wherein the model tests mey differ from the full-scale
epins. It would be desirable if such camplete comparisons could
be mede for all models tested in the spin tunnel, but such a
procedure 1s not practical. because of the time.and expense of

obi?aining complete flight spin data.

As an alternate means of obtaining a comparison of a lerge
number of model and corresponding ailrplane epine in order to determine
the extent to which model and eirplane resulte differ, the Camilttee
sent requests to the Navy Bureau of Aercnautics end to the Army
Air Corps for their information on the-full-scale spin characteristics
of ‘alrplanes, models of which had been spin-tested in the NACA
splmning tunnel. Although the information thus obtalned was.of a
qualitative nature emd 1n many cases very limlted, a comparison
of spin-tunnel and full-scale recovery results hes been made faor
whatever comperable data were made available. The preesent report
givos comparisons of model and full-scele results for the 21 models
tested in the free-spilnning wind tunnel.

RESULTS AND DISCUSSION

The mreviously mentlioned detalled comparisons of model and
full-scalo steady-spin characteristics on two biplanes (reference 1)
and ‘on a monoplane ?unpublisheﬂ éata) indicated that, for a given
loading end control setting, model results show a scmevhat smaller
angle of attack, higher rate of descent, end from-5° to 10° more
outwerd sideslip at a glven angle of attack.

The FKACA has completed free-spimning wind-tummel tests on
models of 21 militery airplanes to dote amd corresponding full-
scale spin infarmation has been obtained on recovery characteristics
for these alrplemes. A sumery of the results of comparison between
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model end flight 18 given in table I which shows general, agresment
between the spin-tunnel end full-scale results in 16 casen and
divagreement in five cases, tvo of the d:l:aagreements being for
similar airpleanes. .- .

Y brief - presenbation of available results uged in preparing
table I fqllows . R ) .

Alrplepe 1: -

Model end full-scale spin tests were made hy the EACA | .
end the steady-spin and rcoovery results mresented in reference 1.
Numsrous tests were made and 1t was concluded that the mod.el results
satisfactorlly checked the Ml—scale results- '

Alrplape 2:

Teste on both model end airplans were also made for this diplane
by the NACA and the steady-spin and rocovery resulte presented in
reference l. In thic case also, numerous tests led to the conclusion
that in goneral the agreement.between modsl and full-scale results
was satisfactory.

| Alrplene 3:

Tests on the model of airplene 3 1n the spin tunnel indicated
that correct coatrol menipulation would glve rapid recoverles but
that slow recoverles, end even no recovery, could be nbtalned from
spine with adverpe loading, elevators down, and allerond egeinst
the spin (right alleron down in a right spin). Preliminary tests
on the airplene were terminated when the alrplene apun in' .after
sevoral previous satisfactory receveries from spins. Model results
cen bc used as a basls for an explenstion of the results obtelned
on the airplane and thus indicate agreoment with the full-ecale
results.

Adrplene b

8pin tests of the model of airplane 4 in the spin tunmel gave
results similer to those on the model of alrplane 3, indicating
rapid recoveries for correct control manipulation (rudder reverseal
befare moving the elevators down) emd slow recoveries for adverse
loading or improper control disposition. The full-scele airplane
vas spun 10 twrns to the right end 10 twrns to the left .with
recovery in cne turn. Assuming that the control manipulation used
corresponded to that recommended in the model test report, this
constitutes agreement in results.



The results of modsl epin teste of éirplane 5 indicated

satlsfactory recovery cheraoteristice. The model gave a nose-
down spin when the controls were with the spin and recovery tock place
in about one turn by complete reversal of both controls. When the
controls were neutral, the model would not' spin. Tests on the
full-scale eirplene geve similer results, the airpleme giving a
steep spin from which recovery could be obtained in one and.

one-helf turps. If the controls were merely released, the alr-
plane would recover from the spin.

Airplenecs 6 apd as _ ‘

Spin tests of models of alrplemes 6 and 6e indicated oscillatory
spins from which recovery would be rapid if the rudder was reversed
while the elevators were full up. Deviations fram this method of
recovery, the model indicated, would leed to slower recoveries.

Model tests also indicated that the alrpleme would be very sensitive
to loading chenges, certein deviations fram normel loading leading
‘4o poor recoveries. Full-scale spin tests on the airplanes indl-
cated steep, oaclllatory spins from which recovery was reported to
have been satisfactory. It is understood, however, that difficulty
in spins has been encountered and that further spinning of this
design 1s now prohibited. The behavior of the alrplane thus appears -
quite simllar to that of the model.

Alrplens 7:

Tests on the model of this elrplane indlicated fast recoveries
for rudder roversal with elsvators up, but rudder reversal after the
elevators had been moved down led to flet epins. fram which recovery
was very dlfficult. Aft movement of the center of gravity retarded
recovery. Full-scale spin tcsts on this airplane indicated that
improper control manipulaetion woulé meke for flat-spinning tendencies
and unsatisfactory recovery characteristics. Moving the center of
gravity aft also would meke for slow recoverles. Proper control
manipulation on the elrplene, it wes Indicated, would glve satis-
factory recoverlies. Model and full-scale results thus indicate
agreemen:b- t.

Alrpleng &:

Tests of the model of airplane 8 in the spiln tunnel indicated
satisfactory recovery for simultancous reversal of both controls
end for rudder reversal with elevators up. Recoveries from spins
by reversing the rudder after the elevators were moved down were

K]



slow. The full-scale epin tests indicated rapid' recovery from
- 10-twrn -spins both. to the right and left. On the assumption that
the pilot uscd normal control manipulation (reversing the rudder
before or similtansously with the elevators), this constitutes
dgreemont with the model xresults.

Alrplane 9:

Results of spin tests of the model of airplene 9 indicated
that rudder reversal bcfore moving the elevators down would give
results-similar to those for the model of eirplane 8, but indicated
that recovery would be umnsetisfactory if attempted 'by simil teneous
reversal of both comtrols for the fighter loading with landing geer
extended. Preliminary full-scale spin tests on airplene 9 were
terminated by a crash due to fallwre to recover from an apparently
similar condition. Model tests with other loadings, however,
indicated fairly satlsfactory recoveriles and indicated that if the
rudder was campletoly reversed before moving the elevators down,
satisfactory recovery could be obtainod for ell conditioms. All
recoveries on the rebuilt alrplane 9 were medo by first reversing
the rudder and then moving the elevators down and required less
than three and one-half turns. Spins with lending gear down gave
poorer recoveries for both model and alrplene than with gear up.
The agreement between model end flight resu.'l.ts for th:l.s airplene
is consgidered to be very good.

Alprplenc 10:

Modcl epin tests of airplane 10 indicated satisfactory spinning
characteristics, giving fairly repld recoverles by rudder reversal
for all elevator settings, recoveries being slowest, howover, for
rudder reversal with elevators down. Full-scale spin tests also
indicated satisfactory spioning characteristics, tho final demonstra-
tion consisting of eix spins end recoveries.

Adrplene 11:

Results of spin teste on the model of the eirplane 11 indicated
rapid recovery for the normel loading for rudder reversal for all
elevator settings. With both comtrols neutral, the model would
not spin. It was indicated that under adverse loading comditions,
having the elevators down before reversing the rudder would lead
to slow recoveries. Flight resulte on the normal alrplane indicated
rapid recoverles by normal coptrol menipulation as well as by
n;utr;;izing both cantrols, thus checking the tunnsl results
closely.



Aimlem 12:

Sp:l.n tests of t.he mbdel o:" a.irpleine 12 mdica.ted re.pid recovery
by rudder reversal or by .reversal of both fudder and elevators with
the ailerons neutral. - Deflecting the ailerons with the spin (right
ailerons up in a r*ght gpin) gave faster recoveries. A c.isagreement
with these results is reported by the pilot who made the flight -
demonstration. In the course of two preliminary spins there were
indications that recovery by reversal of rudder alone wlth the
slevators held up would require more than two turns and by moving
-the elevators down.after the rudder had been reversed would require
more -than one turn. The pilot found that to expedite recovery it
was necessary to deflect the allerons with the spin and, by
including this menipulation, succesefully passed the demonstration
tests. A The beneficial aileron effect of deflecting allerons with
the spin, as predicted by the tunnel, was thus verified, although
the results of the preliminary spins 'by the pilot d.efinitely dlsagroe
with the model indicatlons.,

Alrplanes 13 and l13a:

" Tests on models of airplanes 13 and 13a in the spin tunnel
indicated satisfactory aspln characterlstics. Full-scale experlience
wlth this alrplene type has varied widely, soms pllois reporting
excellent recovery characteristics while others reported unsatis-
factory recoveries. Flight tests by the NACA indicated satlsfactory
recovery characteristics in general. Recovery by rudder reversal
alone with elevators held up was unsatlsfactory, however, for a
right spin although satisfactory for the left spin. The modsl
results did not indlcate possible bad spins apparently obtainable
occasionally in flight and, on the basis of thils inconsistency,
model and airplane results are not considered to check satisfactorily.

1 o l14:

Tests of the model of airplane 1k indicated unsatisfactory
sploning characteristics for the original model with short tall ‘but
satiefactory spinning characteristics for the final model with the
lengthened and revised tail. Full-scale spin tests on both versions
of this eirplane gave results very similarr to those indicated by
the tunnel. This information wns obtained verbally from the
manufacturer's repressntatives.

Tests in the spinning tunnel on a moéel of airplane 15 led to
the deslign of 2 new tall arrangement which gave very satisfactory
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recovery characteristics for both landplane end seaplane mbdsls.
With a tail -similer-to that derived at the spin tunnel installed

on the full-scale alrplane, extensive spin tests for both landplane
and seaplane by the manufacturer gave very satisfactory spin results.

Floms 16

Ropults of model tests 1n the spinning tunnel indigated unsatls-
factory recovery characteristics for alrplane 16, except for large
elleron deflections with the spin. Results of numerous full-scale
8pin tests generally indlceted satisfactory recoveries, but one
case 18 reported for which recovery was difficult. If 1t ie
assumed that the slow recovery resulted fram fellure to deflect
the ailerons with the spin, this constitutos a partial egreement
with tunnel results. As full-scale results indiceto satisfactary
recovorles in general, it 1s concluded that model results are too
conservative and do not constitute a satisfactory check with full-
scale resulie. ’

Alrplene 1T:

Model tests of alrplene 17 indicated that satisfactory recoveries
would be obtalned by camplete rudder reversel followed by movement
of the elevators fram full up to full down, end that allerons
deflected with the spin would ald recovery. Model results indiceted
that moving the elevatars down before revorsing the rudder would
glve unsatisfactory recoveries. ZFxtcnding the landing gear gave
an adverse effect and deflecting the flap a slight favorable
effect. Full-scale spin teste on alrplane 17 indicated satisfactory
recovery characteristics. The control manipulation used by the test
pilot was camplete rudder reversal followed by moving the elevators
down and allerons partially with the spin. As on the model, landing-
goar extensjon gave an adverse effect and flap deflection a slight
favorable effect. Results of model and flight resulte are considered
to be in satisfactory egreement.

A:lrEane 18:

Results of model spin tests of alrplene 18 indiceted satisfactory
recovery characteristlos for both seaplane and landplene. Simultaneocus
reversal of both controls gave rapid recoveries as dld also rudder
reversal with the elevators up. Full-scale spin recoverics were
made by rudder reversal followed by moving the elevatarg forward of
neutral. Recoverles were very satisfactory and slightly faster
then obtained with the modsl. Ailerons with the spin were beneficlal
end allerons agelnst the spin were adverse for both model emd airplane



and flaps had a slight beneficial effect. Model and flight results
seem to agree very well. . . .

¢rplane 19-

Spin tests on the model of airpléns-l9'in the spin tunnel
indicated that satisfactory recoveries could be obtalned by reversing .
the rudder with the elevators held full up or by simultaneous ‘
reversal of both controls. Moving the elevators down before
reve:81ng the rudder would lead to slow recoveries. Tests in
flight by several pilote gave-results that ranged from satisfactory
to unsatisfactory. The flight results as the whole were inconsistent
and inconclusive. Two full-scale.spins of the -airplane by the .NACA
indicated poor recovery by rudder revergal with elevators up or by
rudder reversal followed by elevators down. (Recovery was effected
by putting the ailerons against .the spin.) Comparison between NACA
flight and model tests shows that the model rudder was relatively
too effective in producing recovery from spins with-elevators up.

Results of model and full-scale tests are not consldered to be in
satisfactory agreement. ' : - S

151t

Airplane 20:

Spin tests on the model of airplane 20, a model very similar

-to the model of airplane 16, indicated definite unsatlsfactory .
' revovery cheracteristics, as was the case for the model of airplane 16.
Model -results gave no recovery unless the ailerons were deflected
fully with the spin. Full-scale demonstration Spln tests of the
airplene indicated satisfactory recovery character1st1cs, although

it is understood thet .a pilot encountered. difficulty in attempting

to recover from a spin during.a preliminary test. As true for
airplane 16, model results of eirplane 20 are not considered to be

in satisTactory agreement with full- scale results.

Airplene 2]1:

- Spin-tunnel, tests of the model of airplane 21 indicated steep
unsteady spins with very high rates of descent from which recovery
would be satisfactory. ¥Full-scale spin tests of a modified airplane
-very similar to airplane 21 also gave steep, rough spins with high
rates of descent from which recoveries were rapid.

. CONCLUDING ,REMARKS.
. o

A~%hough it is avp*e01ated that the 1nformation utllized as a
bagls of compa:loon was in some ingtances quite llmited, thé model
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results appear to be in good agreement with corresponding full-scale
results. FYor 21 sirplanes investigated there was satisfactory
agreement in 16 cases and disagreement in Tive cages, two of which
were for a similar type airplane. For this type (airplanes 16 and 20)
model results were too conservative, indicating unsatisfactory
recoveries for normal movements of controls. In flight, satisfactory
recoveries were obtained in the great majority of cases. For the
other three airplanes (airplanes 12, 13, and 19) for vhich tunnel
and flight results disagree, the disagreement is of a similar

nature for all three airplanes. The tunnel reswlts indicate
satisfactory recoveries from spins by rudder reversal with elevators
up or by reversal of both controlg, but flight results indicate
poseible unsatisfactory recoveries from such control dispositions.
For the cases of disagreement between model and airplane results,
however, there was agreement in some of the details, such as, for
example, direction of aileron effect.

It is hoped that in the futvre more complete data will be
recorded Tor all full-scale spin tests. A useful aid to the
pilot in verifying control menipuvlation is the control-position
recorder recently developed by the WACA.  Detailed full-scale
information will be a great aid in comparing NACA spin-tunnel
results with flight results and should lead to the most efficient
utilization of the NACA spin-tunnel fecilities.

Langley Memorial Aeromautical Laboratory,
Netional Advisory Commititee for Aeronaubics,
Langley Field, Va., December 7, 1938.
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TABLE I

" COMPARISOR OF LANRGLEY SPIH-TUm RESULTS. WITH

FPLL-SCALE SPIN EESULTS FOR VARIOUS AIRPLANES

Agreement of . ,
Alrplane Type Bt | Reference | Additiomel infarmation
results '
1 Trainer Satisfactory 1
2 Fighter Satisfactory 1
3 Scout Setisfactory |--===~-===--
L Light bomber Satisfactory |----=-==----
5 Fighter Satisfactory [=~-=~==r-=--
6, 6a Light ‘banbere. Satisfactory |=-====-==-=- Verbal
T Trainer Satigfactory |-======--=- --
8 Fighter Satisfactory |=-======<-~=
9 Fighter Satiéfactory ------------
10 Scout~bamber Satisfactory {-=--~-- ———--
11 Trainer Sgtisfactory 2
12 Fighter Unsatisfactory Unpliblished
date
13, 13a Trainers = [Unsatisfactory|3, 4, 5, 6
1L Fighter ‘satisfactory |------ w==-== |Ferbal {from menufacturer's
rejresentative)
15 Observation-scout | Satisfactory 2
16 Fighter Unsatisfactory T
17 . Fighter satisfactory f---=--=--=- Verbal (NACA pilot)
18 Observation-scout| Satisfactory |Unpublished {Verbal(menufacturer's test -
data pllot)
19 Fighter Unsatisfactory}==-=-===== --
20 Fighter Unsatisfactory|=-========-= -
21 Fighter Satisfactory [=-=======-=-

NATIONAL ADVISORY
COMMITTKE FOR AERONAUTICS
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